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(54) 030HOEE30nACHAfl PAEOMAfl CMECb 

(57) Pecfcepar 

Mcno/it>308aHMe: b KanecTBe paooMero Tena 
pec|)pM)KGpaTopHbix CMCTeM (PC) m Ten/iOBboc 
HacocoB (TH). CymHOCTb n3o6peTeHM«: 
030Ho6e3onacHa« pa6oHan cwiecb coAepacwT 
1,1 ,1 ,2-TeTpac()Top3TaH (R134a) m yrneBOAopoA, 
nn6o MMcrbie BemecTBa GyTaH mjim neHTaH, nuoo 
©MHapHbie CMecM H-6yTaHa h M3o6yTaHa, nnn 
H-neHTaHa h M3oneHTaHa npn coA©p>KaHMM 
yrneBOAopoAa b cocTaBe paOoHefi CMecu ot 5 
AO 80 Mon. %. npuMeHeHne 3Tofi paoonefi 
CMecu no3Bon«eT yBennMHTb yAenbHyio 
o6"beMHyio npoM3BOAHTenbHOCTb npM 
Hen3MeHHOM sKcepreTimecKOM Kflfl m nepenaAe 
AaBJieHnfl b PC nnn TH. BMecTe c tgm 
ncnonbSOBaHne TaKoro paooMero rena 
nosBonneT noHM3HTb TeMnepaTypy KwneHUfl npn 
M36biroMHOM AaB/teHnn, HanpMMep, b 
pe4>pn)KepaTopHbix cucreMax hmjkq 250 K. 2 mji., 
3 Ta6n. 
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(54) OZONE-SAFE WORKING FLUID 

(57) Abstract: 

FIELD: as working body for refrigerating 
systems, (RS) and thermal pumps (TP). 
SUBSTANCE. ozone-safe working fluid 
comprises 1,1,1,2- tetrafluoroethane and 
hydrocarbon or either pure substances such 
as butane or pentane or binar mixtures of 
n-butane and isobutane, or n-pentane and 
isopentane, the working liquid containing 
from 5 to 80 mole%, hydrocarbon. Use of this 
working fluid makes it possible to increase 
specific pressure at unchanged energy 
efficiency and pressure differential in RS 
and TP. Use of such working body makes it 
possible to lower boiling temperature at 
excess pressure, e. g. in refrigerating 
systems lower than 250 K. EFFECT: improved 
properties of the oxone-safe working fluid. 
2 dwg, 3 tbl 
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MaoOpeTeHne othocmtch k cocTaBy paooMefl 
CMecu Ana pecfcpMwepaTopHbix cwcreM (PC), a 
Taiwe TeruioBbix Hacocos (TH), n 
npeAHaaHaMeHO Ana ucno/ib30BaHHfl b 
ycraHOBKax Manofi npow3BOAMTenbHOCTn. 

HaaecTeH AByxKOMnoHeHTHbifl xnaAareHT 
Ana napoKOMnpeccMOHHbix peqbpwKepaTopoB, 

BKTIK)HaK3lHHV1 O3OH00e3OnaCHbie KOMnOHSHTbl 

cneAyKHnero cocTaBa: nBHTac^ropoTaH (R125) w 
nponaH nnn nponnneH win H-oyTaH nnn 
M3o6yTaH urin hx cMecb [1] npeAnomnre/ibHo 
R125 cocTaB/ineT 60-80% jryMUje 65-75% 
cocTaBa cMecM. 

HeAocraTKaMM M3BecTHoro xnaAareHTa 

PBJlfllOTCfl nOBbltlieHHbie a6COHK)THbie 3HaMeHMfl 

AaaneHMH npnMoro w o6paTHoro noTOKOB, mto 
Aexiaer HeB03M0>KHbiM ero HenocpeACTaeHHoe 
ncnonb30BaHne b cyinecTByiomnx PC. Kpoiwe 
Toro, 6MHapHbie CMecu R125 c H-6yTaHOM mhm 

H306yT8HOM RBJlSIOTCfl H8a380TponHblMH f MTO 
npHBOAMT K SHaHklTeribHOW pa3HOCTM 

TeMnepaTyp b iicnapwTene h KOHAeHcaTope PC, 
a 3to b cboio onepeAb cHM>KaeT 3H©preTMHecKyK> 

SqbC^eKTMBHOCTb CUCTGMbl B L^SJIOM. 

MsBecTHa 6nHapHaa a3eoTponHan CMecb, 
BKTifOHaioiAaH 1,1,2,2-TeTpact)Top3TaH (R134) m 
OyTaH co cneAyK)U4MM MonbHbiM cooraBOM: 
R134 (74%) H-6yT3H (26%) win R134 (66%) 
H3o6yTaH (34%) [2] 

HeAOCTaTKaMM n3BecTHofi CMecu HanflraTCH, 
BO-nepBbix, oTHocnTGnbHo HM3Kan o6*beMHan 

XOriOAOnpOM3BOAMTenbHOCTb, BO-BTOpblX, 

BbicoKafl HopManbHan TeMnepaiypa KwneHkm, 
BcneACTBue Mero b ncnapnTene PC npw 
TBMnepaTypax Hiwe 250 K o6pa3yeTcn BaKyyM. 

Han6onee onwsKofl k npeAnaraeMOMy 
WBJifleTCH pa6oMa« CMecb, coAep*<aman 
1,1,1 ,2-TeTpacfc>Top3TaH (R1 34a) n 

yrneBOAopoAbi, npeACTaBneHHbie, HanpnMep, 
nponaHOM w qVropnpon3BOAHbiMM MeTaHa h 
3TaHa, npn coAepHOHkiw t a t pacpTo paTa Ha b 
pas/iMHHbix npMMepax ot 25 ao 95 Mac. [3] 

OAHaKO h aTOMy xnaAareHTy npHcyujH 

HeAOCTaTKM, CBfl3aHHbie C nOBbtlLieHHbtMM 

a6coriK3THbiMM 3HaMeHMflMki AaB/ieHHft np^Moro 
n o6paTHoro noTOKOB, mto nenaer 
HeB03MO)KHbiM era HenocpeACTBeHHoe 
ncnojib30BaHne b cymecTByjoinnx Manbix PC. 

Lle/ib H3o6peTeHna nosbiujeHne yAenbHofl 
xonoAonpon3BOAMTenbHOCTM paGoHefl cwiecn m 
noHH>KeHne HopManbHofl TeMnepaTypbi KnneHi/m 
b McnapnTeiiB PC hmjkb 250 K. 

I4enb AOCTMraeTCfl tbm, mto b m3bbcthom 
xnaAareHTa, coAepwameM 

1,1 ,1 ,2-T6Tpacf3Top3TaH (R1 34a) n yrneBOAopoA, 
b KaMecTB© ymeBOAopoAa BbiopaHW nnoo 
MucTbie BeiA©CTBa 6yTaH nnn neHTaH, nn6o 
GnHapHbie cwiecu H-6yraHa n H3o6yTaHa hhh 
H-neHTana m M3oneHTaHa npn coAepwaHMH 
ymesoAOpofla b npeAenax ot 5 ao 80 moti. 

CoAep>xaHkte TeTpaq^TopsTana b cocTase 
paoonefl CMecu npeAnoHTMTenbHo cocTaB/iaeT 
20-95 moti. 

npuwiep 1. npeAnaraeiwyio paooMyio CMecb 
roTOBAT secoBbiw cnoco6oM. Ka>KAbitt 

K0MI10H6HT CMeCH XpaHRT B OTABTlbHOM 

6annoHe. nooMepeAHO Ka>KAbiW H3 6annoHOB 
noACoeAMH«K)T k CTeHAy v\ b o6iumm pacMBep 
BbinycKatOT TaKoe KonwMecTBO KOMnoHBHTa, 
Macca KOToporo cooTBSTCTByeT 3aAaHHOMy 

KOflUMeCTBy STOrO KOMnOHBHTa B MOTIbHblX 

npoi48HTax b pa6oMeft cmbcm. 

BHaMane b pecMBep BbinycKaJOT 

BWCOKOKHnfllAH^ KOMriOHBHT, y KOToporo 

AaaneHMe HacbiiAeHUfl npn A3hhom 
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TeMnepaType HaMMeHbiuee, a MMeHHo 
yrneBOAopoA. 3aTeM AooaBJinioT KOMnoHeHT c 
6o/iee hh3kov^ HopMa/ibHofl TeMnepaTypofl 
KwneHna (T HK ) m, cootbbtctbohho, 6onee 
bwcokmm AasneHneM napoB R134a (T HK 246,7 
K). 

MuHUMa/ibHoe (5% ) n MaKCMMeuibHoe (80%) 
coAep>KaHne ymeBOAopoAa b CMecu 
onpeAenneTCH M3 ycnoBUfl MaKcuMaribHo 
B03MO>KHoCi yAeribHoft 06-beMHOfl 

xonoAonponsBOAMTeribHocTM CMecu npn 

BKTIKDMBHMM B ee COCTaB B KaMGCTBe 

BbicoKOKunfliAero ymeBOAopoAa, HanpuMep, 
H-neHTaHa m HU3KOKnnflmero ymeBOAopoAa, 
HanpuMep, nponaHa (qbnr.1, 2). MaxcfiMyM 
yAenbHort xonoAonpoM3BOAHTenbHOCTn b 
cmbcbx Tuna R1 34a-yrneBOAopoA o6-bBCHneTcn 
HannMneM a3eoTponHbix m KBasnaseoTponHbix 
cocTaBOB. (Ipn pa6oTe Ha Tatcwx cMecwx 
noBbiwaeTCfl AaB/ieHne Ha BcacbiBaHMM h 
nnoTHocTb xnaAareHTa Ha BXOAe b KOMnpeccop, 

MTO B CBOKD OMOpeAb npHBOAUT K yB6J1MMeHHIO 

xonoAonpoM3BOAViTeribHocTM PC npn 
HeM3MeHHOM DKcepreTMHecKOM KnA- 

Bbioop cocTaBa paboMero Tena b yxasaHHOM 
Bbiiue MHTepBane ocyiAecTB/ineTCH T3khm 
o6pa30M, MTo6bi Ha Tpe6yeMOM TeMnepaTypHOM 
ypoBHe b HcnapnTexie AaBneHne b HeM He obino 
MeHbiue aTMOCQbepHoro. jCUin npoBepxn 
ncnonb3yiOTCfl p- ^ AnarpaMMbf 6MHapHbix 
CMeceC^. 

B cnynae, KorAa b KaMecTBe ymeBOAopoAa 
ncnorib3yeTCfl 6nHapHa5i CMecb yrneBOAOpoAOB, 
B3anMHoe coAep>KaHMe KOMnoHeHTOB b He« 
MOK6T 6biTb nK)6wM. OAHaKO o6u^ee mwctio 
Mone« ymeBOAopoAHbix KOMnoHeHTOB ao/i>kho 

COOT B8TCT BO B3 T b MOJIbHOMy COCTaBy 

ymeBOAopoAa b paGoMew CMecu. 

Hcnonb30BaHne b pa6oMeft cm ecu qbpeoHa 
R134a, HMeioiAero HopMaxibHyK) TeMnepaTypy 
KMneHUH, 6onee HM3Kyio, MeM R134 (aHanor) 
(Ta6n. 1), no3BonneT noHM3MTb TeMnepaTypy 
KwneHHH pa6oMe« CMecu HM>Ke 250 K m npn stom 
M36e>KaTb saxyyMa b ncnapnTene PC. 

BMecTe c TeM cyiAecTBeHHO yBeriMMMBaeTCfl 
yAenbHafl o6"beMHan 
xonoAonpon3BOAHTeribHocTb CMecu npn 
Hen3MeHHOM OKcepreTHMecKOM Kllfl PC. B Ta6n. 
2 npuseAeHbi cpaaHMTeribHbie xapaKTepucTHKM 
OAHOCTyneHMaTofl PC 6es pereHepaL^nn, 
pa6oTa»oiAeiH Ha TpaAni^noHHOM xnaAareHTe 
R12, qbpeoHe R134a, cmocm R134-6yTaH 
(aHsmor) v\ npeAnaraeMofi pa6oMe« CMecu, 
xorAa b KanecTBe ymeBOAopoAa Mcnonb3yeTCfl 
6yTaH. XapaicrepMCTHKM npuBeABHbi Ana 
ycnoBM^ pa6oTbi Manwx pecfepuwepaTopoB; 
TeMnepaTypa KOHAeHcai4MM T K 313 K (40°C), 
TSMnepaTypa xvineHUfl T M 250 K (-23°C). 

B Ta6/i. 3 npHBeAQHbi aHanornMHbie 
xapaKTepucTMKM ahb TeopeTHMecKoro i^nxna 
OAHOCTyneHMaTow napo^kiAKocTHow PC c 
pereH©pai4ne&. CTeneHb pereHepai^MM 
npuHUManacb paBHOM 20 K. 

Us Ta6n. 1, 2 bhaho, mto npeAnaraeMan 
paOoMan CMecb o6naAaeT 6onbiue^ no 

CpaBHBHUK) C npOTOTkinOM 05"beMH0lH 

xonoAonpon3BOAMTeribHOCTbio npn Hen3MeHHOM 
OKcepreTMMecKOM KITfl m nepenaAe AaaneHnfl b 
PC. 

OopMyna n3o6peTeHM«: 

030Hooe3onacHan paooMan CMecb, 
coAep>KaiAafl 1,1,1 ,2-TeTpa<$Top3TaH m 
yrneBOAopoA. OTnuMaioiAaflCfl TeM. mto b 
KaMecTBe ymeBOAopoAa Bbi6paHbi nn6o MucTwe 
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eemecTBa 6yTaH mjim neHraH. nn6o 6nHapHbie 
CM8CM H-6yTaHa n n3o6yrraHa, unw H-neHTaHa m 



M3oneHTaHa npn coflepacaHHM ymeBo/jopOAa b 
cocraae pa6oseM cmscm 5-80 Mon. 
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Ta 6 n w 14a 1 



BeiuecrBO 


TeMnepaTypa Hop- 
Md/ibHoro KwneHUP, K 


KpwTvmecKafl TeMnepa- 
Typa, K 


KpwTwnecicoe A3B/ie- 

HMe, ATM 


R12 


243,4 


385,0 


40,7 


R134 


253,7 


383,4 


37,2 


R134a 


246,7 


373,8 


40,0 



Ta 6/1 m ua 2 



X/iaaareHT 


AaB/ieHiie o6paT- 


CTeneHb 


06i>eMHafl xo/10- 


SKcepreTMHecKMfl 




Horo noTOKa, 


OCaTMJI 


A0npon3B0AM- 


KHfl, % 




aTM 




T6/lbH0CTb, 




R12 


1.3 


7,3 


830 


25 


R134a 


1.2 


9,0 


758 


22 


R134 (74%) 










H-6yTaH (26%) 


1,0 


8,5 


648 


22 


R 134(66%) 










M3o6yraH (34%) 


1.1 


8,3 


687 


22 


Rl34a (74%) 










H-6yTaH (26%) 


1,3 


8,2 


787 


22 


R134a (66%) 










M3o5yraH (34%) 


1.6 


7,5 ! 


863 


22 



Ta 6/i h u a 3 





X/iaaareHT 


AaBJieHne o6paT- 
Horo noTOKa, 
aTM 


CTeneHb 

OK3TMS1 


OGbeMHaa xo/10- 

A0np0M3B0AW- 
Te/lbHOCTb, 

kjC1>k/m 3 


3KcepreTMH6CKMM 
KHA. % 


73 


R12 


1,3 


7,3 


847 


25 




Rl34a 


1.2 


9,0 


782 


23 




R134 (74%) 










ro 


H-6yTaM (26%) 


1,0 


8,5 


672 


23 




R134(66%) 












H3o6yTaH (34%) 


1.1 


8.3 


717 


23 


ro 


R134a (74%) 
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H-5yraH (26%) 


1,3 


8,2 


826 


22 


00 


R134a (66%) 












M3o6yTaH (34%) 


1,6 


7,5 


913 


23 
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